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FIG. 1 (Related Art)

-------------
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MIM CAPACITOR AND METAL
INTERCONNECTION

This application 1s a divisional of U.S. patent application
Ser. No. 11/640,154, filed Dec. 15, 2006 now U.S. Pat. No.
7,557,003, which 1s imncorporated herein by reference 1n 1ts
entirety.

BACKGROUND OF INVENTION

1. Field of Invention

The present invention relates to a semiconductor manufac-
turing technology, and more particularly to an MIM capacitor
usetul in analog and mixed signal processing and a method of
manufacturing the MIM capacitor.

2. Description of Related Art

Since thin-film capacitors, such as PIP (Poly-Insulator-
Poly) capacitors, MIM (Metal-Insulator-Metal) capacitors
and the like, are generally independent from bias (different
from MOS capacitors or junction capacitors), the thin-film
capacitors have been mainly used for analog products ben-
efiting from precision of capacitors.

Further, there 1s a disadvantage in that 1t 1s difficult to
manufacture MIM capacitors which have a relatively large
capacitance per unit area than PIP capacitors, while there 1s an
advantage 1n that the MIM capacitors have superior VCC or
TCC of capacitance (depending on a voltage or temperature)
relative to the PIP capacitors. For this reason, the MIM
capacitors are advantageous for manufacturing precise ana-
log products.

FIG. 1 1s a sectional view of an MIM capacitor according to
a related art.

In a method of manufacturing the MIM capacitor accord-
ing to the related art, a dielectric layer 3 and an upper metal
layer 4 are first deposited on lower metal layers 2a and 256 of
a substrate 1 formed with a predetermined structure.

Then, the dielectric layer 3 and the upper metal layer 4 1n an
area to be formed with a capacitor are etched by using a mask
(not shown), thereby forming an MIM capacitor 5.

Subsequently, an interlayer dielectric layer 6 1s formed on
the entire surface of the substrate 1, and following processes
are then performed.

According to the related art, the structure of a completed
MIM capacitor 1s a substantially two-dimensional structure,
in which an 1nsulating material 1s interposed between upper
and lower metal layers.

However, since there are limitations for increasing capaci-
tance 1n such a two-dimensional MIM structure, any signifi-
cant increase in capacitance should solve such two-dimen-
sional limitations.

BRIEF SUMMARY OF THE INVENTION

The present mvention has been made to solve the above
problem(s) occurring in the related art, and an object of the
present invention 1s to provide an MIM capacitor for enhanc-
ing capacitance through a lower metal layer having a broader
surface area (or increased surface area relative to a two-
dimensional capacitor of the same unit area).

Another object of the present mvention 1s to provide an
MIM capacitor wherein the size (e.g., area) of the MIM
capacitor can be reduced with the enhancement of capaci-
tance so that the area of a capacitor in a semiconductor device
can be reduced, and a method of manufacturing such an MIM
capacitor.

According to one aspect of the present invention, there 1s
provided an MIM (Metal-Insulator-Metal) capacitor, which

5

10

15

20

25

30

35

40

45

50

55

60

65

2

includes: a lower metal layer and a lower metal interconnec-
tion, on a substrate; a barrier metal layer on the lower metal
layer; an msulating layer on the barrier metal layer; an upper
metal layer on the insulating layer; an interlayer dielectric
layer having a via hole on the lower metal interconnection;
and a plug in the via hole.

According to another aspect of the present invention, there
1s provided a method of manufacturing an MIM capacitor,
which includes the steps of: forming a lower metal layer and
a lower metal interconnection on a substrate; forming a bar-
rier metal layer on the lower metal layer; forming an inter-
layer dielectric layer having a via hole on the lower metal
interconnection; forming an insulating layer on the barrier
metal layer; and forming a plug in the via hole and an upper
metal layer on the insulating layer.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 11s a sectional view of an MIM capacitor according to
a related art;

FIG. 2 1s a sectional view of an MIM capacitor according to
an embodiment of the present invention; and

FIGS. 3 to 11 are sectional views illustrating a process of
manufacturing an MIM capacitor according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Heremaftter, an MIM capacitor and a method of manufac-
turing the same according to a preferred embodiment of the
present invention will be described with reference to the
accompanying drawings.

In the Figures, the thickness and areas of various layers and
structures may be enlarged for the purposes of 1llustration
and/or clarity, and the same reference numerals will be used
to refer to the same elements throughout the description.
When layers, films, arecas and plates are formed on other
clements, 1t may not exclude other elements interposed ther-
cbetween. In contrast, iI elements are directly formed on
other elements, 1t may exclude another elements interposed
therebetween.

FIG. 2 1s a sectional view of an MIM capacitor according to
an embodiment of the present invention.

The MIM capacitor according to the embodiment of the
present invention includes alower metal layer 11a and alower
metal interconnection 115 formed on a substrate 10; a barrier
metal layer 12 formed on the lower metal layer 11a; an
insulating layer 15 formed on the barrier metal layer 12; an
upper metal layer 16 formed on the insulating layer 15; an
interlayer dielectric layer 13 having a via hole and formed on
the lower metal interconnection 115; and a plug 17 formed 1n
the via hole.

Further, the MIM capacitor according to another embodi-
ment of the present mvention may further include an upper-
most metal layer 18 formed on the upper metal layer 16 and
the plug 17.

The MIM capacitor according to embodiments of the
present invention has an advantage in that capacitance can be
enhanced through a lower metal layer having a greater surface
arca by means of a barrier metal layer, which may be depos-
ited on a patterned (or which contains a plurality of sections or
portions) lower metal layer 11a.

That 1s, there 1s an advantage 1n that a side portion of a
lower metal layer also serves to increase the lower electrode
surface area of the capacitor due to the formation of a barrier
metal layer thereon.
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Further, according to the present invention, there 1s an
advantage 1n that the size of the MIM capacitor can be
reduced with the enhancement of capacitance so that an area
where a capacitor occupies in a semiconductor device can be
reduced.

A method of manufacturing an MIM capacitor according
to an embodiment of the present mnvention will be described
below.

FIGS. 3 to 11 are sectional views 1llustrating a process of
manufacturing an MIM capacitor according to an embodi-
ment of the present invention.

First, a metal layer 11 1s deposited on a substrate 10 as
shown 1n FIG. 3 and then patterned through a photolithogra-
phy process using a photoresist, thereby forming lower metal
layer 11a having an MIM capacitor lower electrode structure
as shown 1n FI1G. 4. For example, the lower electrode of the
MIM capacitor may comprise a plurality of lower electrode
portions 11a having a spacing between the portions sufficient
for subsequent deposition of barrier metal layer 12, capacitor
dielectric layer 16 and part of upper capacitor electrode 16
therein. In various embodiments, the spacing between the
portions 11a of the lower metal layer may be from 0.1,0.15 or
0.2 um to 0.25, 0.35 or 0.5 um. Furthermore, the metal layer
11 (prior to patterning) may have a conventional thickness

(e.g., from 2500, 3000 or 4000 A to 6000, 8000 or 10,000 A).

In this embodiment, a lower metal interconnection 115 1s
formed together (simultaneously) with the lower capacitor
clectrode metal layer 11a. For example, the lower metal layer
11a and the lower metal interconnection 115 may include an
Al alloy, alayer of T1 and/or TiN, or a composite layer thereof.

For example, the metal layer 11 may comprise a stacked
T1/TiN/Al-(0.5-4 wt. % Cu) alloy/T1/TiN structure.

FIGS. 5 and 6 are sectional views illustrating a process of
depositing a barrier metal layer 12 so as to increase capaci-
tance.

As shown 1n FIG. 5, for example, a sputtering process 1s
performed with respect to the barrier metal 12, thereby form-
ing a'T1 and/or TiN layer on the lower metal layers 11q and the
lower metal interconnection 115. In one embodiment, barrier
metal 12 consists essentially of a single 11 or TiN layer. The

barrier metal layer 12 may have a thickness of from 50, 100 or
150 A to 500, 750 or 1000 A.

Then, the barrier metal layer 12 on the lower metal 1nter-
connection 1s removed (generally by conventional photo-
lithographic patterning and etching), as shown 1n FIG. 6.

FIG. 7 1s a sectional view illustrating a process of deposit-
ing an IMD (Inter Metal Dielectric) 13.

As shown 1 FIG. 7, the IMD 13 1s deposited and pla-
narized through a CMP (Chemical Mechanical Polishing)
process.

Subsequently, the IMD 13 1s etched using a via mask (not
shown), thereby forming a via hole 14 through which a sur-
face of the lower metal interconnection 115 1s opened, as
shown 1n FIG. 8. In addition, the IMD 13 over the MIM lower
clectrode structure 1s removed, as shown 1n this figure. Pre-
cise alignment of the via mask with the edge of the barrier
metal layer 12 1s useful, but not critical.

Subsequently, a capacitor dielectric layer 15, for example
an oxide or nitride insulating layer, 1s deposited on the entire
substrate, including lower metal layers 11a and 115, barrier
metal layer 12, and dielectric layer 13. For example, the
insulating layer 15 may comprise a S1ON layer. Specifically,
alter forming an oxide layer by chemical vapor deposition
(CVD) of silicon dioxide using TEOS or silane (S1H,) and
O,, the S10ON layer may be formed by reacting the oxide layer
with NH; under a plasma atmosphere.
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Then, after the insulating layer 15 1s formed on the struc-
ture of FIG. 8, predetermined portions of the insulating layer
15 (e.g., over metal interconnection 115 and part of dielectric
layer 13) are by patterned by photolithography and selec-
tively etched such that the insulating layer 15 on the lower
metal interconnection 115 1s removed.

FIG. 10 1s a sectional view 1llustrating a process of forming,
an upper metal layer 16 and a plug 17.

As shown 1 FIG. 10, a metal, e.g., tungsten 1s simulta-
neously deposited on the MIM structure and 1n the via hole 14
by conventional CVD, thereby forming the upper metal layer
(e.g., upper capacitor electrode) 16 and the plug 17. As 1s
known 1n the art, an adhesive layer (e.g., T1 metal) and a
barrier layer (e.g., TiN) may be blanket-deposited (e.g., by
sputtering 1n the case of a metal such as T1 and by sputtering
in the presence of an appropriate gas-phase reactant [such as
dinitrogen or ammonia] or CVD 1n the case of a compound
such as TiN) onto the capacitor dielectric layer 15 and in the
via hole 14 prior to depositing the tungsten. Thereafter, as
shown 1n FIG. 10, the tungsten and any adhesive and/or
barrier layer outside of the space for the upper capacitor
clectrode 16 and the via hole 14 can be removed by CMP.

Accordingly, there 1s formed an MIM capacitor having the
lower metal layer portions 11a for a lower capacitor elec-
trode, the msulating layer 15 as a capacitor dielectric, and the
upper metal layer 16 as an upper capacitor electrode.

FIG. 11 1s a sectional view 1illustrating a process of forming,
an uppermost metal layer 18.

As shown 1n FIG. 11, the resultant structure of FIG. 10 1s
planarized, and a metal layer 1s then deposited thereon and
patterned, thereby forming the uppermost metal layer 18. The
uppermost metal layer 18 may comprise the same metal and/
or stacked structure as metal layer 11.

In the method of manufacturing an MIM capacitor accord-
ing to the embodiment of the present invention, there 1s an
advantage 1n that capacitance can be enhanced through a
lower metal layer having a greater surface area by means of a
barrier metal layer and/or a plurality of lower electrode metal
portions. That 1s, there 1s an advantage in that a sidewall
portion of a lower metal layer (e.g., 11a) also serves as the
lower metal layer of a capacitor due to the formation of a
barrier metal layer thereon.

Further, according to the present invention, there 1s an
advantage 1n that the size of the MIM capacitor can be
reduced with the enhancement of capacitance so that an area
where a capacitor occupies 1n a semiconductor device can be
reduced.

It will be apparent to those skilled 1n the art that various
modifications and variations can be made in the present
invention. Thus, 1t 1s intended that the present invention cov-
ers the modifications and variations of this invention provided
they come within the scope of the appended claims and their
equivalents.

What 1s claimed 1s:

1. An MIM (Metal-Insulator-Metal) capacitor, the MIM

capacitor comprising:

a plurality of lower capacitor electrode portions and a
lower metal interconnection on a substrate, the lower
capacitor electrode portions being spaced apart from one
another;

a barrier metal layer on the plurality of lower capacitor
clectrode portions, the barrier metal layer covering a top
surface and sidewalls of the lower capacitor electrode
portions and the substrate between the lower capacitor
clectrode portions;
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a conformal insulating layer on the barrier metal layer such
that a gap exists in the conformal msulation layer
between the lower capacitor electrode portions;

an upper capacitor electrode on the conformal insulating,
layer and 1n the gap between the lower capacitor elec-
trode portions;

a dielectric layer on the lower metal mterconnection and
having a via hole therein; and

a plug 1n the via hole.

2. The MIM capacitor of claim 1, further comprising an
uppermost metal layer on the upper capacitor electrode and
the plug.

3. The MIM capacitor of claim 1, wherein the lower capaci-
tor electrode portions and the lower metal interconnection are
spaced apart from each other on the substrate.

4. The MIM capacitor of claim 1, wherein the lower capaci-
tor electrode portions and the lower metal interconnection
include an Al alloy, a layer of T1 and/or TiN, or a composite
layer thereof.

5. The MIM capacitor of claim 1, wherein the barrier metal
layer includes a 11 layer and a TiN layer.

6. The MIM capacitor of claim 1, wherein the conformal
insulating layer comprises a S1ON layer.

7. The MIM capacitor of claim 1, wherein the upper capaci-
tor electrode and the plug include tungsten.

8. The MIM capacitor of claim 1, wherein the barrier metal
layer 1s on the only the lower capacitor electrode portions.

9. The MIM capacitor of claim 1, wherein the barrier metal
layer 1s not on the lower metal interconnection.

10. The MIM capacitor of claim 1, wherein the barrier
metal layer includes a 11 layer or a TiN layer.

11. An MIM (Metal-Insulator-Metal) capacitor, the MIM
capacitor comprising:

a plurality of lower capacitor electrode portions and a
lower metal interconnection on a substrate, the lower
capacitor electrode portions being spaced apart from one
another:

a barrier metal layer on the plurality of lower capacitor
clectrode portions, wherein the barrier metal layer cov-
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ers a top surface and sidewalls of the lower capacitor
clectrode portions and the substrate between the lower
capacitor electrode portions;

a conformal insulating layer on the barrier metal layer such
that a gap exists 1n the conformal insulating layer
between the lower capacitor electrode portions, the con-
formal msulating layer comprising a S1ON layer;

an upper capacitor electrode on the conformal insulating
layer and 1n the gap between the lower capacitor elec-
trode portions;

a dielectric layer on the lower metal interconnection and
having a via hole therein; and

a plug 1n the via hole.

12. The MIM capacitor of claim 11, further comprising an
uppermost metal layer on the upper capacitor electrode and
the plug.

13. The MIM capacitor of claim 11, wherein the lower
capacitor electrode portions and the lower metal interconnec-
tion are spaced apart from each other on the substrate.

14. The MIM capacitor of claim 11, wherein the lower
capacitor electrode portions and the lower metal interconnec-
tion include an Al alloy, a layer of T1 and/or TiN, or a com-
posite layer thereof.

15. The MIM capacitor of claim 11, wherein the barrier
metal layer includes a 11 layer and a TiN layer.

16. The MIM capacitor of claim 11, wherein the upper
capacitor electrode and the plug include tungsten.

17. The MIM capacitor of claim 11, wherein the barrier
metal layer 1s on the only the lower capacitor electrode por-
tions.

18. The MIM capacitor of claim 11, wherein the barrier
metal layer 1s not on the lower metal interconnection.

19. The MIM capacitor of claim 1, wherein the spacing
between the lower capacitor electrode portions 1s from 0.1 um
to 0.5 um.

20. The MIM capacitor of claim 11, wherein the spacing
between the lower capacitor electrode portions 1s from 0.1 um
to 0.5 um.
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